Children with special health care needs "are at increased risk for a chronic physical, developmental, behavioral, or emotional condition and who also require health and related services of a type or amount beyond that required by children generally." 1 Among this group are a smaller number of medically complex, or medically fragile, children including those with intense medical needs that result from multisystem disease states, technology dependence, or complex medication regimens. 2 Although generally thought to be increasing in number, we are aware of no data that have shown an increasing prevalence of medically complex children in US hospitals.
Advances in neonatal and critical care, as well as general medical and nutritional care, have resulted in improvements in the survival rate of fragile infants, who are often left with complex systemic health problems. Improvements in neonatal intensive care, including advances in surfactant therapy and resuscitation protocols, have resulted in an improved survival rate of very low birth weight neonates. 3, 4 Newer developments in infant and child nutrition, including increased use of gastrostomy tubes, have improved the survival rate of children with cerebral palsy (CP). [5] [6] [7] [8] [9] [10] [11] [12] [13] Surgical advances have resulted in an improved survival rate for infants with certain congenital defects including diaphragmatic hernia, abdominal wall defects, esophageal atresia, and cyanotic heart defects. [14] [15] [16] [17] [18] Many of these children have systemic health problems including neurodevelopmental disabilities, gastrointestinal illnesses, pulmonary complications, musculoskeletal abnormalities, and nutritional deficits. [5] [6] [7] 13, 19, 20 These conditions may require frequent hospital and subspecialty care. 21, 22 Trends in the incidence of and mortality from many specific conditions that would contribute to medical complexity (eg, CP, chronic lung disease, mental retardation, hydrocephalus, and congenital birth defects) show the occurrence of these individual conditions to be fairly stable over the recent past. [5] [6] [7] 12, 13, [23] [24] [25] [26] On the other hand, some disorders have certainly increased in frequency. Gastroschisis is a condition with increasing prevalence over time that certainly contributes to medical complexity. 27, 28 However, the number of folate-sensitive birth defects, which also contribute to medical complexity, has decreased. 23, 26, 29 Although individual conditions do not seem to be significantly increasing in incidence, the complexity of the case mix, especially among hospitalized children, may be increasing. The purpose of this study was to use national data to examine trends in hospitalization rates for medically complex children over a 15-year period from 1991 to 2005. Two related definitions of medically complex children were used to define our cohorts in parallel analyses. The first consisted of children with diagnoses in more than 1 chroniccondition category, [30] [31] [32] defined by organ system, without requiring the presence of any single specific condition. The second consisted of children with a single specific diagnosis, CP or bronchopulmonary dysplasia (BPD), and the presence of a diagnosis in 1 of the chronic-condition categories. The presence of multiple chronic conditions was chosen for this study because children with these combinations of conditions are more likely to require care coordination and the involvement of multiple subspecialists. CP and BPD were chosen as sample individual diagnoses from the list of complex chronic conditions (CCC) because they represent relatively common diagnoses with frequent comorbidities. The incidence of both CP and BPD, which also includes chronic lung disease, have been well studied and, thus, are available for comparison. [4] [5] [6] [7] 12, 13, [33] [34] [35] [36] [37] 
METHODS

Databases
We used the Nationwide Inpatient Sample (NIS) for these analyses. The NIS is a large nationally representative hospital discharge database created by the Agency for Healthcare Research and Quality as part of the Healthcare Costs and Utilization Project (HCUP). HCUP databases were developed through a federal-state-industry partnership and contain admission-level information compiled in a uniform format with privacy protections in place (Agency for Healthcare Research and Quality, 2007) . These databases enable research on a broad range of health care services and health policy issues at the national, state, and local market levels.
The NIS was designed to approximate a 20% stratified random sample of all US hospitals (defined as short-term, nonfederal, general, and specialty hospitals including teaching and children's hospitals) from states that contribute their state inpatient databases to the HCUP. The NIS includes 100% of discharges from each sampled hospital. It contains data from ϳ1000 hospitals and includes 7 to 8 million hospital discharges annually. The Agency for Healthcare Research and Quality has developed appropriately scaled discharge weights to generate national estimates of hospitalizations from the NIS. With these weights, national estimates of hospitalizations and hospitalization rates are comparable across years despite the varying number of states participating in each year of the HCUP (Agency for Healthcare Research and Quality, 2007). 38 The NIS's large sample size enables analyses of rare conditions such as congenital anomalies, uncommon treatments such as organ transplantation, and special patient populations such as the uninsured. For this analysis, we used NIS data from the years 1991 through 2005.
Case Selection
Feudtner et al 30 constructed a scheme of CCCs based on the definition of any medical condition that can be reasonably expected to last at least 12 months (unless death intervenes) and to involve either several different organ systems or 1 organ system severely enough to require specialty pediatric care and probably some period of hospitalization in a tertiary care center. This definition was used to construct a list of possible conditions based on International Classification of Diseases, Ninth Revision (ICD-9) codes. The 9 large CCC categories, specific diagnoses included, and current ICD-9 codes are listed in the Appendix.
Statistical Analyses
Hospitalization rates for children in each of the 9 categories were studied individually. We first examined hospitalization trends for children with a diagnosis of a single CCC and also for children with diagnoses in more than 1 CCC category. We then analyzed hospitalization rates for children with CP and BPD individually and then evaluated hospitalization rates of children with each of these diagnoses plus at least 1 or more CCC diagnoses. CP and BPD were chosen because both are chronic conditions that occur frequently alone and are recognized to complicate the management of children when present in combination with other conditions. The ICD-9 codes used include 343.0 -343.9 for CP and 770.7 for BPD.
Numerators for all rate calculations were weighted national estimates of hospitalizations for children we defined as medically complex from 8 days through 4 years of age for a given year. These ages were chosen in an attempt to exclude primary admissions to neonatal units and to document survivors after the neonatal period. Denominators were census-based estimations of the number of children in the United States between 0 and 4 years of age for a given year. Logistic regression models were used to test for linear trend over time. All models were adjusted for available demographic variables, which included race/ethnicity, gender, age (in years), insurance status, high versus low zip code median income, and region of the country. Race data were missing for ϳ25% of cases in NIS data. Missing race was included in the regression models as an indicator variable. Stata 10 MP statistical software (Stata Corp, College Station, TX) was used for all analyses.
RESULTS
The total number of hospitalizations for children aged 8 days to 4 years over the 15 years of the study was 61 065 669 weighted (95% confidence interval: 60 096 115-62 035 223), of which 2 828 315 (95% confidence interval: 2 665 137-2 991 493) met our definition of medically complex.
The hospitalization rates for children with diagnoses in a single CCC category are shown in Table 1 Hospitalization rates for children with diagnoses in more than 1 CCC category are shown in Table 2 for 3-year intervals from 1991 to 2005. Rates increased significantly for all combinations of CCC categories at the P Ͻ .001 level. The largest percentage increase was among children with a diagnosis in the renal CCC category plus at least 1 other CCC (28.1% increase per yeargroup; P Ͻ .001). The smallest percentage increase was among children with a diagnosis in the neuromuscular CCC category plus at least 1 other CCC (14.8% increase per year-group; P Ͻ .001).
The prevalence over time of hospitalizations of children with diagnoses in any 1 CCC category and more than 1 CCC category are shown in Fig 1. The hospitalization rates of children with diagnoses in a single CCC category increased by an average of 5.59% each The prevalence of CP has been shown to be stable over the past 20 to 30 years, although possibly decreasing slightly in the late 1990s, and the incidence of postneonatally acquired CP seems to have decreased. [5] [6] [7] 12, 13, 26 Our results would support the conclusion that the rate of CP alone has remained stable over the 15 years of this study. The hospitalization rates of children with CP plus at least 1 comorbid diagnosis in a CCC category has increased.
A previous study of birth-defect trends had revealed an increase in hospitalizations of children with congenital cardiovascular defects and genitourinary defects between 1997 and 2004 only when in combination with other diagnoses and an increase in digestive Rates were adjusted for gender, race, median income of zip code, insurance status, and region of country. The categories are not mutually exclusive.
FIGURE 1
Hospitalization rates of children diagnosed with a single CCC and children diagnosed with more than 1 CCC. Hospitalization rates were adjusted for race, ethnicity, gender, insurance status, median income of zip code, and region of the country. The change in hospitalization rate for children with a single CCC diagnosis was 5.59% per year-group (P Ͻ .05), and the change in hospitalization rate for children with more than 1 CCC diagnoses was 17.6% per year-group (P Ͻ .001). congenital anomalies alone. 39 The number of children with end-stage renal disease increased 5.9% between 2000 and 2006, whereas the number of children on hemodialysis has grown 8.2% since 2000, and 32.7% of patients have a primary diagnosis of cystic/hereditary/congenital diseases. 40 These results support our findings of increases in renal disease, cardiovascular disease, and other congenital defects/genetic disorders.
The exact etiology of the observed increase in rates of hospitalization for children with multiple conditions is unknown at this time. However, it seems likely that a combination of increased survival rates, resulting from lowering mortality rates of these preterm infants and children born with congenital defects, and shorter hospitalizations with increased use of home therapies may explain this increase.
Previous studies have revealed that 35% to 53% of preterm infants with BPD are rehospitalized in the first year of life. [33] [34] [35] Prematurity itself increases the risk of hospitalization from ϳ2.5% in the first year of life for term infants to between 23% and 63% for all preterm infants in the first 2 years of life. 36, 37, 41 Our results suggest that an increase in hospitalization, or rehospitalization, of children with BPD has occurred during the study years, with an even greater increase in the hospitalization rates of children with BPD plus at least 1 comorbid CCC diagnosis. Increased use of home oxygen therapy during the time of our study may have allowed for earlier discharge of children who previously may have experienced prolonged initial hospitalizations. These infants would be expected to be at risk of more subsequent hospital admissions, which is consistent with other studies documenting that BPD with the presence of other complication conditions, such as those necessitating ventriculoperitoneal
FIGURE 2
Hospitalization rates of children with a CP diagnosis without a comorbid CCC diagnosis and of children with a CP diagnosis with 1 or more comorbid CCC diagnoses. Hospitalization rates were adjusted for race, ethnicity, gender, insurance status, median income of zip code, and region of the country. The mean percentage change per year-group for CP without CCC diagnosis was Ϫ4.02% (P ϭ .10), and the mean percentage change per year-group for CP with 1 or more CCC diagnoses was 10.41% (P Ͻ .01).
FIGURE 3
Hospitalization rates of children with BPD without a comorbid CCC diagnosis and of children with BPD with 1 or more comorbid CCC diagnoses. Hospitalization rates were adjusted for race, ethnicity, gender, insurance status, median income of zip code, and region of the country. The mean percentage change per year-group for all children with BPD diagnosis without CCC diagnosis was 7.07% (P Ͻ .01), and the mean percentage change per year-group for all children with BPD diagnosis with 1 or more CCC diagnoses was 22.5% (P Ͻ .001).
shunt placement, increases risk of readmission. 35 Our analyses have several limitations. Although we believe our definition of medical complexity is robust and well suited to the aims of the study, it does restrict our analysis to a subpopulation of children who are defined as medically complex exclusively on the basis of ICD-9 diagnostic codes. We did not include procedure codes associated with medical complexity or codes related to technology dependence or use of technology at the home. A similar analysis with a different definition of medical complexity may yield complementary results. In addition, our analysis included only inpatient treatment. We did not address outpatient utilization of services. Analysis was also limited to admissions between 8 days and 4 years of age. The analyses were based on ICD-9 Clinical Modification codes from hospital discharge summaries that were primarily collected for reimbursement purposes, not research. Coding practices can vary according to geographical region, individual hospital, and over time while being subject to error at multiple steps. For example, CP may not be formally diagnosed in particularly young hospitalized children, or it may be a complicating condition that did not require specific treatment during the hospitalization and, thus, was not coded. However, many of these codes are for diagnoses that are serious and would likely not be excluded because of severity. Although previous studies have revealed some agreement between ICD-9 codes and chronic medical conditions including CCCs, there may be some discordance between coding and clinical assessments that likely varies across different chronic conditions. 42 ICD-9 codes have also been documented to appropriately identify children with chronic medical conditions. 43 The NIS does not have unique patient identifiers to allow for tracking of individuals across hospitalizations, which leads to some individual children being counted multiple times in our analysis. However, the increases we documented still represent an increase in utilization of resources and a change in the composition of hospital census. The HCUP has been used to document burden to systems such as emergency department utilization, 44 another context in which a single individual may have multiple visits, which increases the burden to the health care system. It has also been used to confirm trends in diseases (ie, survival after coronary artery bypass surgery) documented by using other methodologies. 45 The HCUP databases have also been used to document trends in specific conditions such as folate-sensitive birth defects and general birth defects. 23 Our study did not address length of hospitalization. Finally, it must be acknowledged that a child may have a single disease process of a severity great enough to qualify as medically complex or multiple disease processes of mild severity. Disease severity is not available through this data set.
Our analyses have several strengths. We used a specific definition that is more likely to include only children who would be considered to be very medically complex. We also used a nationwide sample with data collected over 15 years from a large number of hospitals and a large number of patients. Our findings, therefore, represent the entire country.
Appropriate care coordination has been shown to decrease hospitalization rates of children with complex health conditions. 46 Applying a medical home model to the inpatient setting with coordination and communication between hospital caregivers, primary care providers, and specialists is challenging but has been suggested as beneficial to the child, the hospital, and caregivers. 47, 48 Additional research should confirm the value of a hospitalbased medical home.
In an era of increasingly stringent criteria for inpatient admissions, the increase in hospitalization rates of children with complex chronic conditions is remarkable. A previous study revealed decreases in total hospitalization rates for children aged 0 to 17 years from 1991 to 1998. 49 This decrease was found to be less for children with chronic conditions than non-chronically ill children. It is possible that improved or increased utilization of certain codes may have contributed to these increases. However, the diagnoses addressed in this study are major conditions that would not typically be omitted from any chart or billing record at any time period.
These data, in conjunction with the limitations discussed above, point to a need for improved tracking of children with special health care needs to better understand the patients and their health care and care-coordination needs. These data also support improving resident education in the care of these children both acutely and in their communities.
CONCLUSIONS
When using a limited and specific definition of medical complexity, hospitalization rates of children with multiple CCCs were found to be increasing. Hospitals that care for these challenging children should consider clinical and training programs focused on this increasing proportion of their inpatient population.
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